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1
SYSTEM AND METHOD FOR SELECTING
SEARCH RESULTS FACETS

COPYRIGHT NOTICE

A portion of the disclosure of this patent document con-
tains material, which is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

FIELD OF THE INVENTION

Embodiments of the invention described herein generally
relate to optimizing the facet selection problem for a search
engine results page (“SERP”). More specifically, embodi-
ments of the present invention are directed towards systems
and methods for identifying one or more facets for a given
search query and providing refined search results on the basis
of one or more selected facets.

BACKGROUND OF THE INVENTION

As the Internet continually expands, the amount of content
available to users grows exponentially. This growth has ren-
dered manual searching techniques virtually ineffective and
has facilitated the growth of automated search agents, such as
search engines. Search engines providing an index of a large
set of documents offer clear efficiency advantages over direc-
tory listings and other formats requiring laborious user effort.

Profitability through user retention is a primary goal of any
successful major search engine. In order to retain the maxi-
mum number of users, a search engine must provide, ideally,
the most relevant results at all times. The task of maximizing
efficiency ofindexing and retrieval algorithms is a formidable
one and spans across multiple disciplines and technologies.
One particular method of optimizing search results is to pro-
vide facets in response to a search query. According to one
embodiment, a facet is a generic term describing a mecha-
nism that may be used to narrow a result set, which may be
made on the basis of a term or phrase.

The current state of the art fails to fully exploit the power of
facet-based refinement. Currently, the most substantial uses
of facets comprise using a stock facet set for a given category
of query. For example, a search for a disease or illness may
return a generic set of facets (e.g., “symptoms”, “treatments”,
etc.) for every disease or illness categorized by the search
engine. These techniques sutfer from a lack of sophistication,
failing to both exploit the uniqueness of a search query and
generate query and result set-specific facets. Thus, there is a
need in the current state of the art for systems, methods and
computer program products that provide query and result
set-based facets for a search results page.

SUMMARY OF THE INVENTION

The present invention is directed towards systems and
methods for providing one or more facets in response to a
search query. The method of the present invention comprises
receiving a search query from a user and retrieving a search
result set. The method identifies an optimum number of fac-
ets. In one embodiment, the optimum number of facets com-
prises a pre-computed value. In an alternative embodiment,
the optimum number of facets comprises a dynamically gen-
erated value formulated on the basis of the search result set.
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The method may select one or more facets with a maximum
incremental value. In one embodiment, selecting one or more
facets with a maximum incremental value comprises select-
ing a facet providing the maximum value associated with a
user drill-down model. In alternative embodiment, a user
drill-down model may comprise a conjunctive drill-down
model or a best facet drill down model.

The method may provide the search result set and the
optimal facets to a user. In one embodiment, providing the
search result set and the selected facets to a user comprises
providing a search results page containing the result set and
the selected facets. In one embodiment, the method may
further be operative to receive one or more facets selected by
a user and refine the search result set based on the facets
selected by a user. In one embodiment, refining the search
result set comprises refining the set based on a plurality of
aggregated facets selected by a user. In an alternative embodi-
ment, refining the search result set comprises refining the set
based on a single facet selected by a user.

The system of the present invention comprises both one or
more client devices and a search engine coupled to a network,
the search engine operative to receive a search query from a
user and generate a search result set. The search engine may
be operative to identify an optimum number of facets. In one
embodiment, the search engine is operative to calculate an
optimum number of facets on the basis of a pre-computed
value. In an alternative embodiment, the search engine is
operative to calculate an optimum number of facets based on
adynamically generated value, e.g., on the basis of the search
result set.

The search engine may also be operative to select one or
more facets with a maximum incremental value. In one
embodiment, selecting facets with a maximum incremental
value comprises selecting a given facet that provides the
maximum value associated with a user drill-down model. In
alternative embodiment, a user drill-down model may com-
prise a conjunctive drill-down model or a best facet drill down
model.

The search engine may also provide the search result set
and any selected facets to a given client device, which may
include transmission to a plurality of client devices. In one
embodiment, providing the search result set and the selected
facets to a client device comprises providing a search results
page containing the result set and the selected facets. In alter-
native embodiment, the search engine may receive a plurality
of facets selected by a user and refine the search result set on
the basis of the facets that the user selects. In one embodi-
ment, refining the search result set comprises refining the set
on the basis of one or more aggregated facets that a user
selects. In an alternative embodiment, refining the search
result set comprises refining the set based on a single facet a
user selects.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the figures of the accompa-
nying drawings which are meant to be exemplary and not
limiting, in which like references are intended to refer to like
or corresponding parts, and in which:

FIG. 1 presents a block diagram depicting a system for
providing search result facets according to one embodiment
of the present invention;

FIG. 2 presents a flow diagram illustrating a method for
providing facets in response to a search query according to
one embodiment of the present invention;
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FIGS. 3a and 35 present flow diagrams illustrating meth-
ods for refining search results on the basis of one or more
selected facets according to one embodiment of the present
invention; and

FIG. 4 presents a method for generating a list of facets for
a set of search results according to one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following description, reference is made to the
accompanying drawings that form a part hereof, and in which
is shown by way of illustration specific embodiments in
which the invention may be practiced. It is to be understood
that other embodiments may be utilized and structural
changes may be made without departing from the scope of the
present invention.

FIG. 1 presents a block diagram depicting a system for
providing search result facets according to one embodiment
of the present invention. As the embodiment of FIG. 1 illus-
trates, a plurality of client devices 102, 104 and 106 are
connected to a search provider 110 via a network 108.
According to the embodiment of FIG. 1, the search provider
110 comprises a search engine 112; a search index 114; and
metadata storage 116.

Client devices 102, 104 and 106 may comprise general
purpose computing devices (mobile or otherwise) having a
central processing unit, memory unit, permanent storage,
optical drive(s), universal serial bus port(s), audio/video out-
put devices, network interfaces, etc. Client devices 102, 104
and 106 are operative to communicate via network 108,
which may comprise a local or wide area network such as the
Internet. In the present embodiment, client devices 102, 104
and 106 transmit requests to content provider 110 via the
HTTP, WAP or similar protocol for the client/server exchange
of text, images and other data.

Client devices 102, 104 and 106 may be operative to trans-
mit a request for search results or a request for facet refine-
ment to search provider 110. In the embodiment of FIG. 1,
search engine 112 is operative to receive client requests for
search results or facet refinement. Search engine 112 may
receive requests for search results via a web interface such as
an HTML-based search engine page. Client devices 102, 104
and 106 may transmit search strings to search engine 112 via
an HTTP request action. Search engine 112 may, in turn,
query search index 114 and select a plurality of relevant
documents representing a search result set. Methods of index-
ing and retrieving relevant documents may be accomplished
via any method known in the art of search engine indexing.

Additionally, in response to a search query, search engine
112 may query metadata storage 116 to identify one or more
facets associated with a given search query. In one embodi-
ment, metadata storage 116 may store a plurality of facets
associated with a given document (e.g., search result). For
example, metadata storage 116 may comprise a relational
database establishing links between a document and facet
identifiers. Alternatively, or in conjunction with the forego-
ing, metadata storage 116 may dynamically generate a list of
facets associated with a given search document. For example,
metadata storage 116 may return the values of “animals,”
“cars,” “reviews” and “video games” for a document contain-
ing the term “jaguar”. The returned facets indicate topical
areas of interest generated on the basis of the retrieved docu-
ment. In the preceding example, the term “jaguar” may refer
to one or more broad topical areas including, but not limited
to, the animal, the car manufacturer or a video game console.
Upon retrieving a plurality of documents with facet metadata,
the system may then generate a facet list on the basis of the
aggregated facets.
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After identifying a result set and list of facets, the search
engine 112 may transmit the retrieved data to client devices
102, 104 and 106. In one embodiment, transmitting the result
set and facets may comprise transmitting a search engine
results page containing the retrieved data. The search engine
112 may further be operative to process requests for facet
refinement. In one embodiment, a facet refinement request
may comprise an HTTP request identifying the search query
and the request facet or list of facets. In response to a facet
refinement request, the search engine 112 may query search
index 114 and retrieve a refined result set based on the
facet(s).

FIG. 2 presents a flow diagram illustrating a method for
providing one or more facets in response to a search query
according to one embodiment of the present invention.
According to the embodiment that FIG. 2 illustrates, a
method 200 receives a query, step 202, which in accordance
with one embodiment comprises receiving a textual string
from a user. For example, a user may enter a search query into
an HTML text box and submit the query to asearch engine via
an HTTP request.

After receiving a search query, the method 200 may
retrieve a result set, step 204, which in accordance with one
embodiment may comprise accessing a search index to iden-
tify one or more results associated with a given search query,
e.g., a result set that is responsive to the search query. Alter-
natively, method 200 may select a plurality of search results
according to a predefined search engine algorithm.

The method 200 identifies one or more facets for selection,
step 206. In one embodiment, the method 200 identifies a
plurality of facets for selection on the basis of a pre-computed
model. The method 200 may optimize the list of facets for
selection by determining those facets having the highest
incremental value. In a first embodiment, the method 200 may
utilize a conjunctive drill-down model (U) illustrated in
Equation 1:

M .
Uqg C(F) = EIX | q] - Eu [X | g, Fyl Equation 1

>

aE} g

pld = d)IDyg.a,rql

The conjunctive drill-down model utilizes a selection mecha-
nism, which is typically a control presented as part ofa user
interface. During facet exploration, the user may drill down
into several facts simultaneously by through the simulta-
neous selection of multiple facets. Consequently, the new
search results contain those document associated with the
selected facets, which may be presented in the same rela-
tive order in which those documents appeared in the ranked
result set for the original query.

Alternatively in a second embodiment, the method 200
may utilize a best facet drill-down model (U) illustrated in

Equation 2:

" 4
Ug'™ (Fy) = E[X | 4] - Euy[X | 4. F,) Equation 2

= d =d;) max |D
E P q)fqu,dl 0.,
T} rtpm

The best facet drill-down model assumes that when a user is
searching for a document in a result set and scanning one or
more facets a search engine may display in conjunction
with the given query the user submits, the user identifies the
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single facet that has the most pronounced effect on promot-

ing the target document, e.g., the user identifies the “best

drill-down” option.

To better understand both the conjunctive and best facet
drill-down models, it should be noted by those of skill in the
art that D,, denotes the set of documents that a search engine
considers relevant to a given query and that for all de-qy , let
r,(d) denote the rank of document d with respect to the query
g. A random variable X may be defined as the effort invested
by a user before reaching a target document, which, by the
above,

0 rgldy) <m
rq(dy)
rank of dj in Df’

X = rq(dg) > m and no drilldown

otherwise.

Next, let p(d=d,) denote the probability, taken over all users,
of d being the target document for q, noting that when user
are presented with ranked search results only, the expected
effort to reach a target document for query q is

E[X|q] = pld = dg)rg(d).

2

.
de g (d)>
quq()m

Finally, ak-facet selection problem is formulated with respect
to a query q and given drill-down model M as

max UM(F)

F™q. M) = archF:\F\sk 9

where k is the size of the facet subset to the shown to users.
Table 1 presents additional notations that may be useful by
those of skill in the art in understanding the facet selection

problem and drill-down models described above.
TABLE 1
D Document corpus
D, D Documents returned for query q
F Set of facets available to the engine
F,eF Facets returned by the engine for query q
C:p— oF the classification function that maps
each document into a subset of facets

d“, Target document of user u for query q
r,(d),de D, Rank of document d in D3,
p(d=d,) Probability, over all users, of document d

being the target document for query q
X Random variable indicating user effort

E;[Xlq, F] Expected effort for query q under drill-down
model M, given that facet set F is shown
UMq (F) Utility of showing facet subset F for
query q under drill-down model M
FOP7(q, M) Optimal subset of up to k facets to show

for query q under drill-down model M

The method 200 selects one or more facets for displayed in
conjunction with the retrieved result set, step 208. In one
embodiment, displaying facets and a result set comprises
transmitting the facets and result set to a user device. In
response to receiving the result set and facets, an application
(such as a web browser) may be operative to display the result
set and facets using display techniques that are known to
those of skill in the art. In one embodiment, the result set and
facets may comprise executable code allowing interaction
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with the set and facets. For example, a result set and facets
may comprise a combination of HTML, JavaScript and sub-
stantive content.

The method 200 may determine if a user selects a given
facet, step 210. In one embodiment, determining if a user
clicks on a facet may comprise executing various combina-
tions of local and remote program code, e.g., JavaScript pro-
gram code, in response to a user click. For example, a given
facet may contain an event handler for monitoring a user’s
click and implementing an action upon occurrence of the
event. In an alternative embodiment, a given facet may com-
prise a hyperlink to a search engine. For example, a facet may
be hyperlinked to an executable program located at a search
engine.

Ifthe user does not select a facet, the method 200 continues
to display the set of facets and search result set. If the user
selects a facet, the method 200 refines the result set based on
the selected facet, step 212. In accordance with one embodi-
ment, refining a result set on the basis of a facet that the user
selects comprises querying a search index and limiting the
returned links in accordance with the text that may be asso-
ciated with the facet. A search index query may identify the
search terms as well as a limiting categorical descriptor. For
example, a refined query may contain a search query “jaguar”
and specify a limiting category such as “video game.”

FIGS. 3q and 35 illustrate two embodiments of a method
for refining search results on the basis of one or more facets
that a user may select. As the embodiment of FIG. 3aq illus-
trates, one or more facets are provided to a user, step 302.
Providing facets to a user may comprise transmitting one or
more facets in response to a search query, as previously
described in conjunction with other embodiments of the
invention. The method 3004 may detect whether a user selects
a given facet, step 304.

Upon determining that a facet has been selected, the
method 300a may add the facet to a facet list, step 306. In one
embodiment, adding a facet to a facet list may comprise
storing a facet identifier in a data structure, which may be
stored remotely or on a user device. For example, JavaScript
code may be operative to store the facet identifier in a data
structure, such as a string or array of strings. Alternatively,
program code may identify the selection of a facet and trans-
mit information regarding the selected facet to a search
engine or other remote application for storage. For example,
an AJAX method may be utilized to asynchronously transmit
the facet identifier to a search engine.

The method may determine if the user wishes to refine the
search results, step 308. If the method 3004 determines the
user does not wish to refine the search results, the method
300a continues to provide a list of facets 302. Alternatively, if
the method 300a determines the user wishes to refine the
search results, the method 300a¢ may provide the refined
search results to the client device of the user, step 310. In one
embodiment, providing refined search results may comprise
filtering a first set of search results using the selected facets.
For example, for a given query “jaguar”, a plurality of facets
may comprise “animals”, “cars”, “reviews” and “video
games”. In steps 304 and 306 a user may select facets “cars”
and “reviews”. To refine the search results, step 310, the
method may filter the first set of search results in a manner
such that only those search results directed to reviews of cars
are selected.

According to the embodiment that FIG. 35 illustrates, a
method 3005 provides one or more facets, step 312. Providing
facets to a user may comprise transmitting one or more facets
in response to a search query, as previously discussed. The
method 300q detects whether a user has selected a given facet,
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step 304. If the method 3005 determines that a user has not
selected a facet, the method 3005 continues providing the
facets (e.g., continuing the display of facets on a user device).
Alternatively, if the method 3005 determines that a user has
selected a facet, the method 3006 then provides a plurality of
refined search results. Providing refined search results may
comprise steps similar to that described in conjunction with
step 310 of FIG. 3a.

FIG. 4 illustrates a method for generating a list of facets for
a set of search results according to one embodiment of the
present invention. As the embodiment of FIG. 4 illustrates, a
method 400 retrieves a result set, step 402. As previously
discussed, retrieving a result set may comprise querying a
search index or similar, suitable method.

The method 400 then retrieves a set distribution, step 404.
In one embodiment, a set distribution may comprise a prob-
ability distribution of a given search result being selected for
a given search query. In one embodiment, a probability dis-
tribution comprises the probability, taken over all users, that a
given document comprises the target document for a given
query. The method 400 may automatically generate the prob-
ability distribution or may receive the distribution from a
pre-computed source. Generating a probability distribution
may be based in part on analytic data such as the click through
rate, number of clicks, or any other metric used to calculate
the relevancy of a given search result. On the basis of the set
distribution, the method 400 identifies an optimum number of
facets, step 406. In one embodiment, an optimum number of
facets may be a constant value. In an alternative embodiment,
an optimum number of facets may be computed at run-time
based on the received search query.

The method 400 may selects a facet with the maximum
incremental value, step 408. In one embodiment, the method
400 utilizes a facet model as previously described to deter-
mine the maximum incremental value. Selecting a facet with
the incremental value may comprise selecting a facet that
provides the maximum value of the output of a given facet
model. In one embodiment, a maximum value may corre-
spond to the probability that a given facet will result in the
desired search result for a given query.

If the optimum number of facets has been achieved, step
410, the method 400 provides a facet list to a user, step 412. As
previously described, providing a facet list may comprise
transmitting a search engine results page containing a list of
facets for a given search query. If the method 400 determines
that the optimum number of facets has not yet been reached,
the method 400 program flow returns to step 408 until the
optimum number is reached. Alternatively, the method 400
may execute step 408 until all facets have been determined.

FIGS. 1 through 4 are conceptual illustrations allowing for
an explanation of the present invention. It should be under-
stood that various aspects of the embodiments of the present
invention could be implemented in hardware, firmware, soft-
ware, or combinations thereof. In such embodiments, the
various components and/or steps would be implemented in
hardware, firmware, and/or software to perform the functions
of'the present invention. That is, the same piece of hardware,
firmware, or module of software could perform one or more
of the illustrated blocks (e.g., components or steps).

Insoftware implementations, computer software (e.g., pro-
grams or other instructions) and/or data is stored on a machine
readable medium as part of a computer program product, and
is loaded into a computer system or other device or machine
via a removable storage drive, hard drive, or communications
interface. Computer programs (also called computer control
logic or computer readable program code) are stored in a main
and/or secondary memory, and executed by one or more
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processors (controllers, or the like) to cause the one or more
processors to perform the functions of the invention as
described herein. In this document, the terms “machine read-
able medium,” “computer program medium” and “computer
usable medium” are used to generally refer to media such as
a random access memory (RAM); a read only memory
(ROM); a removable storage unit (e.g., a magnetic or optical
disc, flash memory device, or the like); a hard disk; or the like.

Notably, the figures and examples above are not meant to
limit the scope of the present invention to a single embodi-
ment, as other embodiments are possible by way of inter-
change of some or all of the described or illustrated elements.
Moreover, where certain elements of the present invention
can be partially or fully implemented using known compo-
nents, only those portions of such known components that are
necessary for an understanding of the present invention are
described, and detailed descriptions of other portions of such
known components are omitted so as not to obscure the inven-
tion. In the present specification, an embodiment showing a
singular component should not necessarily be limited to other
embodiments including a plurality of the same component,
and vice-versa, unless explicitly stated otherwise herein.
Moreover, applicants do not intend for any term in the speci-
fication or claims to be ascribed an uncommon or special
meaning unless explicitly set forth as such. Further, the
present invention encompasses present and future known
equivalents to the known components referred to herein by
way of illustration.

The foregoing description of the specific embodiments so
fully reveals the general nature of the invention that others
can, by applying knowledge within the skill of the relevant
art(s) (including the contents of the documents cited and
incorporated by reference herein), readily modify and/or
adapt for various applications such specific embodiments,
without undue experimentation, without departing from the
general concept of the present invention. Such adaptations
and modifications are therefore intended to be within the
meaning and range of equivalents of the disclosed embodi-
ments, based on the teaching and guidance presented herein.
It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation,
such that the terminology or phraseology of the present speci-
fication is to be interpreted by the skilled artisan in light of the
teachings and guidance presented herein, in combination
with the knowledge of one skilled in the relevant art(s).

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by way of example, and not limitation. It
would be apparent to one skilled in the relevant art(s) that
various changes in form and detail could be made therein
without departing from the spirit and scope of the invention.
Thus, the present invention should not be limited by any ofthe
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

We claim:

1. A method, implemented on a machine having at least one
processor, storage, and a communication platform connected
to a network, for providing a response to a search query, the
method comprising:

receiving a search query from a user;

retrieving a search result set that comprises a plurality of

search results with respect to a plurality of facets of the
search query, each of the plurality of search results hav-
ing a respective ranking;

identifying a number of facets to be selected from the

plurality of facets based on a probability distribution that
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a given search result in the search result set is a search
result desired by the user for the search query;

obtaining a model constructed based on the probability
distribution and expected reduction of effort made by the
user to reach the search result desired by the user given
that the plurality of facets are shown to the user;

selecting the number of facets from the plurality of facets,
wherein each of the selected number of facets is associ-
ated with a maximum incremental value of the expected
reduction of effort in accordance with the model; and

providing the selected number of facets in response to the
search query.

2. The method of claim 1, wherein the identified number is
based on a pre-computed value.

3. The method of claim 1 wherein the identified number
comprises a dynamically generated value based on the search
result set.

4. The method of claim 1, wherein the model comprises a
user drill-down model.

5. The method of claim 4, wherein the user drill-down
model comprises a conjunctive drill-down model.

6. The method of claim 5, wherein the conjunctive drill-
down model comprises a model according to the function:

Ug'(F,) ~ ELX | q) - Ew X | 4. Fl -
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7. The method of claim 4, wherein the user drill-down
model comprises a best facet drill-down model.

8. The method of claim 7, wherein the best facet drill-down
model comprises a model according to the function:

M,
Ug B(F) =

E[X gl - EuglX | g, Fq] = pld —dg) max |Dggrl.
fEFq,d
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9. The method of claim 1, wherein the providing the
selected number of facets comprises providing a search
results page containing the selected number of facets.

10. The method of claim 1 further comprising:

receiving one or more facets selected by a user from the

selected number of facets; refining the search result set
based on the one or more facets selected by the user.

11. The method of claim 10, wherein the refining the search
result set comprises aggregating the facets selected by the
user, and refining the search result set based on the aggregated
facets.

12. The method of claim 10, wherein the refining the search
result set comprises refining the search result set based on a
single facet selected by the user.

13. A system having at least one processor, storage, and a
communication platform connected to a network for provid-
ing a response to a search query, the system comprising:

asearch provider implemented on the at least one processor

and operative to:

receive a search query from a user;
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generate a search result set that comprises a plurality of
search results with respect to a plurality of facets of the
search query, each of the plurality of search results hav-
ing a respective ranking;

identify a number of facets to be selected from the plurality

of facets based on a probability distribution that a given
search result in the search result set is a search result
desired by the user for the search query;

obtain a model constructed based on the probability distri-

bution and expected reduction of effort made by the user
to reach the search result desired by the user given that
the plurality of facets are shown to the user;
select the number of facets from the plurality of facets,
wherein each of the selected number of facets is associ-
ated with a maximum incremental value of the expected
reduction of effort in accordance with the model; and

provide the selected number of facets in response to the
search query.

14. The system of claim 13, wherein the identified number
is based on a pre-computed value.

15. The system of claim 13, wherein the identified number
comprises a dynamically generated value based on the search
result set.

16. The system of claim 13, wherein the model comprises
a user drill-down model.

17. The system of claim 16, wherein the user drill-down
model comprises a conjunctive drill-down model.

18. The system of claim 17, wherein the conjunctive drill-
down model comprises a model according to the function:

U3'C(Fy) = EIX | q] - Ewc[X |, Fyl =
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19. The system of claim 16, wherein the user drill-down
model comprises a best facet drill-down model.

20. The system of claim 19, wherein the best facet drill-
down model comprises a model according to the function:

M,
Ug B(F,) =

E[X |q] - Emy[X | g, Fg] = pld — dg) max |Dg,rl.
feFga
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21. The system of claim 13, wherein the search provider is
further operative to provide a search results page containing
the selected number of facets.

22. The system of claim 13, wherein the search provider is
operative to: receive one or more facets selected by a user
from the selected number of facets; refine the search result set
based on the one or more facets selected by the user.

23. The system of claim 22, wherein the refining the search
result set comprises aggregating the facets selected by the
user, and refining the search result set based on the aggregated
facets.

24. The system of claim 22, wherein the refining the search
result set comprises refining the search result set based on a
single facet selected by the user.
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